Abstract. For all the AM CVn objects we observe harmonic structure in the FT of their light curves. From recent advances in the theory of accretion discs we now can relate the harmonic structures to physical structures in the discs. Numerical simulations provide us with tools to interpret the pattern resulting from the tidal disc responses and non-linear coupling between response modes. From WET photometry it may be possible to observe the evolution of modes when objects go from low state to high state. This may help us to understand the physics of accretion discs and to test disc theories.
INTRODUCTION
The AM CVn stars are believed to be close binary systems, consisting of a low mass semi-degenerate white dwarf which transfers mass to the normal mass white dwarf through an accretion disc.
The disc spectrum is dominated by helium with no trace of hydrogen. Current theory argues that hydrogen in these systems has been lost in a previous common envelope phase.
The AM CVn objects are spectroscopic and photometric variables exhibiting both long and short timescale variations. The dominant short period variations range from 17 to 45 min and are believed to indicate orbital periods (Warner 1995) . Of the six known AM CVn stars, the two with the shortest orbital periods do not exhibit long timescale brightness changes and seem to be in the permanent high state with high rate of mass transfer. The objects with the brightness periods between 20 and 40 min behave as dwarf novae, cycling between a low and a high state on timescales of days. GP Com, the object with the longest orbital period and the only member of the class for which the orbital period has been measured directly (Nather et al. 1981 ), seems to be at a stable low state (Warner 1995 ) with a relatively low mass transfer rate. We interpret this pattern of decreasing mass transfer rates with increasing orbital periods as evidence for binary evolution (Provencal 1994) .
The temporal frequency pattern of the dwarf nova-like AM CVn stars shows changes from the high to the low state. These changes may be related to structural changes in the disc. Analysis of the changes of the harmonic pattern, as the disc evolves, will probe the disc's time-dependent behavior and its response to variations in the mass transfer rate. The AM CVn stars are the perfect laboratory to study non-linear wave interactions. As the disc responds to changes in the environment, we can witness interactions between different modes and observe the growth of new modes. In the temporal spectrum at the low state we can also detect modulations related to the accreting central object.
In the following section we present a summary of the harmonic structure frequencies observed in light curves of the AM CVn stars. We also give a summary of the present theories of non-linear tidal wave interactions and show how they can be used in the case of AM CVn stars for diagnosis of the disc structure. Finally we conclude that for the first time, the advanced disc theories are available and the WET observations become very important for their verification.
THE REMARKABLE HARMONIC STRUCTURE OBSERVED AND EXPLAINED

Observations
Three AM CVn type stars have been observed in the WET campaigns. In the first campaign, XCOV1 in 1988, CR Boo (PG 1346+082) was observed, mostly in its low state. In the same campaign, V803 Cen was observed, but only as a secondary target and also mostly in its low state. AM CVn was observed in XCOV4 and, in addition to a harmonic structure, high frequency sidebands to some of the harmonics were detected (Provencal et al. 1995 , Solheim et al. 1998 . Other AM CVn stars have not been observed in WET campaigns yet, but harmonic structures in their light curves have been detected from single-site observations. Periodic modulations of spectral features have been observed only for two objects (GP Com and AM CVn). In Fig. 1 we show a summary of the light curve frequency modulation structures observed for the AM CVn stars. Most of the frequencies observed are related to the fundamental frequency / 0 , which may be either the orbital frequency (Solheim et al. 1998) or the superhump beat frequency f a = f 0 ±/b (Simpson, Wood & Burke 1998) , where /b is the frequency of precession in the binary system. Some of the harmonics also may be pulse shape harmonics (Provencal et al. 1995) .
Non-linear gravity wave interactions in the disc
Simulations show that the discs in close binary systems with mass ratios less than q « 0.25 may develop asymmetries due to the tidal stresses produced by the companion star. The initially circular disc is deformed into a slowly precessing eccentric disc (Whitehurst 1988). Whitehurst's calculations were done with a Lagrangian, smooth particle hydrodynamics (SPH) code. Hirose & Osaki (1990) found a similar result, using a different code, and in addition noticed that the difference between the superhump period and the orbital period was a function of the mass ratio q. In these calculations the disc was treated as an assembly of particles. Lubow (1991) , simulating the instabilities with a SPH code, showed that tidal instabilities in the fluid discs can also occur. In his calculations the accretion disc eccentricities grow by non-linear wave interaction. The m = 3 component of the tidal potential creates a three-armed spiral fixed in the binary frame. This mode couples with an initial small eccentricity in the disc and excites a two-armed density wave at the 3:1 resonance region, with angular pattern speed 1.5 times the orbital angular velocity. This wave again couples with the three-armed mode to make the disc even more eccentric. This way we get a non-linear instability cycle. The precessing eccentricity for a model with q = 0.1 had a prograde precession rate of /b ~ 0.025 / Q , which was also found by Hirose h Osaki (1991) . The same problem was studied using a 2-D hydrocode, which uses a two-dimensional, finite difference scheme on an Eulerian grid (Heemskerk 1994) . For a πι = 3 perturbation, he gets basically the same results as Lubow for cool discs, but shows that for hot discs, with higher sound speed, the eccentricity does not appear during the time of his simulations. The simulations gave a retrograde precession rate ~ 0.033/ o independent of q for the cool discs.
The retrograde precession is due to pressure forces in the disc. If the full tidal potential is applied, as in Heemskerk (1994) , for a disc with g = 0.15, a m = 2 spiral density wave will dominate and make the m = 3 outer structure disappear. The disc will then shrink well inside the 3:1 resonance radius of 0.46a where a is the distance between the binary components. This disc model did not become eccentric in the time of simulation.
The modes we can observe may be classified by the indices k and I where k is the fc-folded azimuthal symmetry, and I is a frequency number, which results in a frequency in the corotating frame £f 0 . The pattern speed will then globally be (l/k)f Q .
The calculations above have shown the evolution of various modes as a function of mass ratio and the Mach number Mm ach· The most interesting modes are given in Table 1 . Table 1 . Interpretation of modes in the discs. (M) (1,0) Disc eccentricity (2.2) Simple disc response, two-armed spiral (2.3) Two-armed spiral structure launched by the (1,0) and (3,3) interaction (1,3) Off-centering of the disc -a result of coupling between the modes (1,0) and (2,3) (3,3) Simple disc tidal response, three-armed spiral
The harmonic pattern as a diagnostic tool for the AM CVn
stars. Savonije et al. (1994) have analysed the effect of the tidal torque generated by the secondary star in a close binary system. They found that significant waves can propagate to small radii and transfer the momentum outwards, even if the dissipation is only due to shocks. However, this will drive accretion into a small radius only if the disc Mach number is small. They claim that the process will not work for cataclysmic variables because the discs are too cool to have a low Mach number.
However, at least for the AM CVn stars in outburst, we expect much higher temperatures due to their content of helium only. We may also find, that even with a m = 2 term in the potential, considerable disc mass may be far enough to be excited by the non-linear mode interactions and give rise to m = 3 components.
Since the theories give partly conflicting results explaining the harmonic structure, it is important to observe what these systems really do.
For the observer in an inertial reference frame, the (2,2) mode, which is normally the strongest, will modulate the light curve with the frequency 2f0. The (2,3) and the (3,3) modes may both be observed at the frequency 3/0. The (1,0) mode may be observed at a very low frequency ~ 0.025/o. In addition, we may observe pulse shape harmonics, sums of the physical frequencies and the (1,3) mode at the 8th harmonic. Table 2 gives a summary of the modes and the frequency sums we can search for.
We do not expect to observe h5 + fb, because h5 can only be a pulse-shape harmonic. This argument can be turned around, and we can use the sidebands to identify physical frequencies. They may also be identified because they are expected to show coherent modulations. For the pulse shape harmonics, we do not expect any sums since they do not represent any physical frequencies.
2.4• Harmonic structure analysis of the AM CVn objects
If we use this identification table for the frequencies detected for the AM CVn systems (Fig. 1) , we can describe the objects in the following way: AM CVn has a harmonic structure hy to /ι5. The fundamental /o is not detected. We observe all the superhump sidebands expected from Table 2 . Since fQ is not observed, then hi and h2 must be physical modulations due to the m = 2 and m = 3 structures, which also make it precess. Whether the precession is retrograde or prograde depends on what we observe. If the inclination is about 45°, the high frequency sidebands can be interpreted as due to a prograde precession (Solheim et al. 1998 ). The disc must have structure outside the 3:1 radius to excite the (3,3) mode. One leftover frequency at 988 μΗζ may be related to pulsations in the accreting WD atmosphere.
EC 13350 is a spectroscopic twin to AM CVn itself. This object may have similar m = 2 and m = 3 structure as for AM CVn, but our current database is not sufficient to answer this question. Proof that both exist would be provided by a detection of /14 or an investigation of coherency of the modulations. This must have high priority in order to verify its similarity to AM CVn.
No non-harmonic frequencies are detected for this object. This may be due to a different geometry, for instance, the disc can shield the primary star, which may be the source of such oscillations.
CR Boo (PG1346+082) is the brightest of the dwarf nova-like AM CVn objects. In its high state, CR Boo shows a similar harmonic structure as AM CVn and EC 13350. The harmonic structure is absent in the low state. Instead, some nearby frequencies at 670 μΗζ and 679 μΗζ, the latter with one harmonic, are excited. They may belong to the white dwarf or signal a different structure in the disc when it goes into the low state (Provencal et al. 1997) . A very low frequency has been detected in the low state (Wood et al. 1987 ).
V803 Cen is, in many ways, the southern twin of CR Boo. In its high state, V803 Cen displays the same harmonic structure as AM CVn with a noticeable lack of sidebands due to a precessing frequency. A frequency near hs is excited, which may be the first detection of the (1,3) mode.
In the low state only a frequency near hi is left. This behavior may be interpreted as it has a low-state disc, now well inside the 3:1 radius. Only a weak two-armed spiral structure is then present. In the low state, also one new frequency at 583 μΗζ is present (O'Donoghue et al. 1987 ). This may be related to pulsations on the accreting central star.
CP Eri in the high state shows harmonics including I14, which means that the disc contains both the m = 2 and m = 3 modes. In the low state, only m = 2 is present. One new frequency at 583 μΗζ is also present in the low state (Provencal et al. 1997 ).
GP Com shows a spectral modulation at 358 μΗζ, which is interpreted as an orbital modulation (Nather et al. 1981) . Photometry gives a fundamental frequency of 294 μΗζ with hi, /i 3 and hg detected. In this case we must have the (2,2) and (1,3) modes. The latter must have been excited by the (2,2) mode (Provencal 1994) . The difference between the fundamental frequency of the harmonics and the orbital frequency must be further explored.
For all the AM CVn stars, we find harmonic pattern in the temporal spectra, which can be related to structures in the discs. This supports the disc theories which predict that discs in extreme low mass ratio systems may expand well outside the tidal radius and develop two-or three-armed spiral structures.
In this interpretation we have not paid attention to the amplitudes. Since the light modulations depend on the viewing angle, the amplitudes will change noticeably with inclination. This is demonstrated by Simpson et al. (1998) .
CONCLUSIONS
Advances in disc theories have made it possible to explain the observations of harmonic structures in the light curve modulations of the AM CVn stars as excitation of the (1,0), (2,2), (1,3), (2,3) and (3,3) modes. For some objects, not all these modes are detected. This may mean that there are structural differences in their accretion discs, or in some cases -lack of observations. For the dwarf novalike objects we observe a change of modes when the state changes from low to high and vice versa. This is something that should be followed in more detail with the power and resolution of the full WET campaign.
One particular challenge for the WET network is to follow the dwarf nova-like objects from low to high state and determine the evolution of the mode couplings. The SPH and the hydro code calculations predict that dramatic changes in the excited modes should happen on a timescale from 10 to a few hundred orbital periods, and such observations would be of great value for testing these model calculations and learning about accretion disc structure.
